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Kumano Nachi Shrine is a part of World Heritage in Wakayama Prefecture. In the mountain behind Kumano Nachi 
Shrine, a debris flow disaster occurred on September 4, 2011 by heavy rain. This debris flow flowed into Shrine and 
deposited in the ground of Shrine. We simulated this disater by using Knako2D debris flow simulator. We compared 
results of simulation and situation of this disaster. This comparison shows our simulation is almost same with situation 
of disaster. In addition, we consider the effective sabo works for this disater.  It is difficult to prevent this disaster only 
constructing sabo dam. In the result, it showed that sabo dam using with training dike is effective countermeasure to 
prevent of this debris flow disaster.  
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㸯㸬ࡣࡌࡵ࡟ 
 
 ࿴ḷᒣ┴ᮾ∹፝㒆㑣ᬛ຾ᾆ⏫࡟࠶ࡿ⇃㔝㑣ᬛ኱♫ࡣࠊࣘࢿࢫࢥࡢୡ⏺㑇⏘ࠕ⣖ఀᒣᆅࡢ㟋ሙ࡜ཧᣏ㐨ࠖࡢ
ᵓᡂ㈨⏘ࡢ୍㒊࡛࠶ࡾࠊᅜࡢ㔜せᩥ໬㈈࡜ࡋ࡚ᣦᐃࡉࢀ࡚࠸ࡿࠋᖹᡂ23ᖺ9᭶ࡢྎ㢼12ྕࡣࡇࡢ⇃㔝㑣ᬛ኱
♫ࡀ࠶ࡿ㑣ᬛᕝὶᇦ࡟୍᫬㛫᭱኱123mmࠊ⥲㞵㔞821mm㸦㑣ᬛ຾ᾆ⏫ᕷ㔝ࠎほ ᡤ㸧ࡢ㇦㞵ࢆࡶࡓࡽࡋࡓࠋ
ࡇࡢ㇦㞵࡟ࡼࡾࠊ஧⣭Ἑᕝ㑣ᬛᕝỈ⣔㑣ᬛᕝࡀ⁄Ỉỏ℃ࡋࠊ㑣ᬛᕝὶᇦ࡛Ṛ⪅࣭⾜᪉୙᫂⪅ࡣ23ྡࠊ඲ቯ࣭
༙ቯ࣭ᗋୖᾐỈࢆྜࢃࡏ569ᡞࡢ⏒኱࡞⿕ᐖࢆ⏕ࡌࡓࠋࡇࡢ⅏ᐖࢆዎᶵ࡜ࡋ࡚㑣ᬛᕝὶᇦ࡛ࡣࠊἙᕝ⅏ᐖ᚟
ᪧຓᡂ஦ᴗ࡟ࡼࡾࠊ㑣ᬛᕝࡢἙ㐨᩿㠃ࡢᣑᖜࠊㆤᓊࡢ⠏㐀ࠊᶫᱱࡢᯫࡅ᭰࠼࡞࡝ࡀணᐃࡉࢀࠊᐇ᪋ࡉࢀ࡚࠸
ࡿࠋ 
 ୍᪉ࠊ㑣ᬛᕝὶᇦࡢୖὶ㒊࡟఩⨨ࡍࡿ⇃㔝㑣ᬛ኱♫࡟࠾࠸࡚ࡶࡇࡢ㇦㞵࡟ࡼࡾࠊቃෆ࡟࠶ࡿ♫Ẋࡢ࠺ࡕ
ࠕᚚᮏẊࠖ࡜ࠕඵ♫Ẋࠖ࡜ࡢ㛫ࡢ⿬ᒣᩳ㠃࠿ࡽᅵ▼ὶࡀὶධࡋࠊከࡃࡢ♫Ẋ࿘㎶࡟ࡲ࡛ᅵ◁ࡀὶධࡍࡿ࡞࡝
ࡢ⿕ᐖࢆ⏕ࡌࡓࠋࡲࡓ⤖ᯝⓗ࡟ேⓗ࡞⿕ᐖࡣሗ࿌ࡉࢀ࡚࠸࡞࠸ࡶࡢࡢࠊ⇃㔝㑣ᬛ኱♫ࡣୡ⏺㑇⏘ࡢ୍㒊࡛࠶
ࡾࠊከᩘࡢほගᐈࡶゼࢀࡿࡓࡵࠊ෌ࡧ௒ᅇࡢࡼ࠺࡞஦ࡀ㉳ࡇࢀࡤࠊ⏒኱࡞ேⓗ⿕ᐖࡀ⏕ࡌࡿࡇ࡜ࡀᠱᛕࡉࢀ
ࡿࠋࡑࡢࡓࡵࠊ⇃㔝㑣ᬛ኱♫ᚋ⫼ὶᇦ࠿ࡽⓎ⏕ࡍࡿᅵ▼ὶ࡟ᑐࡍࡿ᰿ᮏⓗ࡞ᑐ⟇ࡀᮃࡲࢀࡿࠋ 
 ࡇࡢࡼ࠺࡞ᅵ▼ὶ⅏ᐖ࡟ࡼࡿ⿕ᐖࢆ㜵Ṇ࣭㍍ῶࡍࡿ᭷ຠ࡞ᡭἲࡢ୍ࡘ࡜ࡋ࡚ࠊ◁㜵ࢲ࣒࡞࡝ࡢ◁㜵ᵓ㐀≀
ࡢᘓタࡀᣲࡆࡽࢀࡿࠋࡋ࠿ࡋࠊ㏆ࡃ࡟ࡣᅜࡢྡ຾࡛࠶ࡿ㑣ᬛ኱⁪ࡶᏑᅾࡋࠊ኱つᶍ࡞◁㜵ࢲ࣒ࡢᘓタࡣᬒほ
࡟ᑐࡍࡿᙳ㡪ࡀᠱᛕࡉࢀࡿࡓࡵࠊࡑࡢ኱ࡁࡉ࡟ࡣไ⣙ࡀ࠶ࡿࠋ 
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 ᮏ◊✲࡛ࡣࠊ௒ᅇࡢ㇦㞵࡟ࡼࡾ⇃㔝㑣ᬛ኱♫࡟ὶධࡋࡓᅵ▼ὶࡢỏ℃࡟ᑐࡋ࡚ࠊᩘ್ࢩ࣑࣮ࣗࣞࢩࣙࣥ࡟
ࡼࡿ෌⌧ィ⟬ࢆ⾜ࡗࡓࠋィ⟬࡟౑⏝ࡋࡓᩘ್ࢩ࣑࣮ࣗࣞࢩࣙࣥࣔࢹࣝࡣࡇࢀࡲ࡛ࡢ◊✲࡟ࡼࡾࠊᅵ▼ὶࡢỏ
℃࣭ሁ✚࡟㛵ࡋ࡚⢭ᗘⰋࡃ෌⌧࡛ࡁࡿࡇ࡜ࡀ☜ㄆࡉࢀ࡚࠸ࡿ1)ࠋࡑࡋ࡚ࠊ◁㜵ᵓ㐀≀ࡢᘓタ࡟ࡼࡾࡑࡢỏ℃
ࡢつᶍࡸᅵ◁ὶධ㔞ࡢ㍍ῶ࡟㛵ࡋ࡚ࠊ࡝ࡢ⛬ᗘຠᯝࡀ࠶ࡿࡢ࠿ࢆࠊࡑࡢᩘ್ࢩ࣑࣮ࣗࣞࢩࣙࣥࣔࢹࣝࢆ⏝࠸
᳨࡚ドࡋࡓࠋ 
 
㸰㸬ྎ㢼㸯㸰ྕ࡟ࡼࡿ⇃㔝㑣ᬛ኱♫ࡢ⿕ᐖࡢᴫせ

 ⇃㔝㑣ᬛ኱♫ᚋ⫼ᒣᆅࡢᑠὶᇦࡣࠊὶᇦ㠃✚⣙0.19km2࡛ࠊᆅ㉁࡜ࡋ࡚ࡣὶᇦ඲యࡀ⇃㔝㓟ᛶᒾ㢮࡛࠶ࡾ
⌛㓟ᡂศࡢከ࠸ⰼᓵᩬᒾࡀ80㹼90㸣ࢆ༨ࡵ࡚࠸ࡿࠋὶᇦࡢୖὶ㒊ࡣᶆ㧗700m⛬࡛ࡑࡇ࠿ࡽᶆ㧗340m௜㏆࡟
఩⨨ࡍࡿ⇃㔝㑣ᬛ኱♫ࡲ࡛㛗ࡉࡀ⣙1kmࠊᖹᆒἙᗋ໙㓄ᗘࡢ῱ὶࡀὶࢀ࡚࠸ࡿࠋྎ㢼12ྕࡣࡇࡢὶᇦ࡟ከ
㔞ࡢ㝆㞵ࢆࡶࡓࡽࡋࡓࠋᅗ1ࡣ⇃㔝㑣ᬛ኱♫࡟タ⨨ࡉࢀ࡚࠸ࡿ㞵㔞ィ࡟ࡼࡗ࡚ほ ࡉࢀࡓ㞵㔞ࢆ♧ࡋ࡚࠾ࡾࠊ
9᭶2᪥༗๓2᫬࠿ࡽ㝆ࡾጞࡵࠊ9᭶2᪥༗๓0᫬࠿ࡽ9᭶4᪥༗ᚋ24᫬ࡲ࡛⣼✚㞵㔞690mmࠊ9᭶4᪥ࡢ༗๓4᫬࡟
ࡣ᭱኱᫬㛫㞵㔞93mm/hrࢆグ㘓ࡋࡓࠋࡇࡢ㇦㞵࡟ࡼࡾࠊᙜヱ῱ὶࡢ※㢌㒊࡛ᔂቯࡀ㉳ࡇࡾࠊࡑࡢୗὶࡲ࡛ᅵ
▼ὶࡀὶࢀࡓࡇ࡜ࡀ⑞㊧࠿ࡽ☜ㄆࡉࢀ࡚࠸ࡿࠋ୍᪉ࠊ⇃㔝㑣ᬛ኱♫ࡢࡍࡄ⿬ࡢᩳ㠃࡛ࡣ❧ᮌࡀὶࢀ࡟ࡼࡾ࡯
࡜ࢇ࡝ಽࡉࢀ࡚ࡣ࠸࡞࠸ࡇ࡜࠿ࡽࠊᅵ◁ࢆከ㔞࡟ྵࢇࡔὶࢀ࡛ࡣ࡞ࡃẚ㍑ⓗᅵ◁⃰ᗘࡀᑠࡉ࠸ከ㔞ࡢỈ࡟ࡼ
ࡾ⿬ᩳ㠃ࡢᅵ◁ࡢ୍㒊ࡀ౵㣗ࡉࢀ⇃㔝㑣ᬛ኱♫࡟ὶධࡋࡓࡶࡢ࡜⪃࠼ࡽࢀ࡚࠸ࡿࠋ

 
ᅗ 1 ᫬㛫㞵㔞࡜⣼✚㞵㔞㸦⇃㔝㑣ᬛ኱♫㞵㔞ィ㸧













 ᅗ 2 ⅏ᐖⓎ⏕᫬ࡢὶࢀ ᅗ 3 ⇃㔝㑣ᬛ኱♫ᣏẊ๓ࡢ≧ἣ 
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 ࡇࡢ῱ὶࡣᬑẁࠊᅗ2࡟♧ࡋ࡚࠸ࡿࡼ࠺࡟ࠊ⇃㔝㑣ᬛ኱♫⿬ࡢᩳ㠃࡟࠾࠸࡚༡ᮾ᪉ྥ࡟ᢡࢀ᭤ࡀࡾࠊ༡ࡢ
㇂࡟ὶࢀ࡚࠸ࡿࡀࠊ⅏ᐖⓎ⏕᫬ࡣ┤㐍ࡋ࡚⇃㔝㑣ᬛ኱♫ࡢ᪉ྥ࡟Ỉ࡜ᅵ◁ࡀὶࢀࡓࠋᅗ3ࡣ⅏ᐖⓎ⏕᫬ࡢᣏ
Ẋ๓ࡢ≧ἣࢆ⾲ࡋ࡚࠾ࡾࠊ⚄♫඲య࡟ᅵ◁࡜Ỉࡀὶධࡋࠊቃෆ඲య࡟ࢃࡓࡗ࡚ᩘFPࡢཌࡉ࡛ᅵ◁ࡀሁ✚ࡋࡓࠋ
ᅗ4ࡣ⅏ᐖⓎ⏕┤ᚋࡢ9᭶4᪥࡟᧜ᙳࡉࢀࡓࡶࡢ࡛ࠊ୰ኸࡢᘓ≀ࡀ⚄♫ࡢᚚᮏẊ࡛࠶ࡾྑ࡟࠶ࡿࡢࡀඵ♫Ẋ࡛
࠶ࡿࠋᅵ◁࡜ỈࡣࡇࡢᚚᮏẊ࡜ඵ♫Ẋࡢ㛫ࡢ෗┿ᕥ࡟࠶ࡿᩳ㠃࠿ࡽὶධࡋࠊࡑࡢ࡯࡜ࢇ࡝ࡣᩳ㠃┤ୗ௜㏆࡟
ሁ✚ࡋࡓࠋᅗ5ࡣᅗ4࡜ྠࡌሙᡤ࡛⅏ᐖ᚟ᪧᚋ࡟᧜ᙳࡉࢀࡓࡶࡢ࡛࠶ࡿࠋᅗ4࡜ᅗ5ࡢẚ㍑࠿ࡽࠊᅵ◁ࡣᩳ㠃ࡢ
┤ୗ࡛ཌ࠸࡜ࡇࢁ࡛ࡣ3㹼5mሁ✚ࡋࠊᚚᮏẊࡢ༙ศ㏆ࡃࡀᅵ◁࡛ᇙἐࡋ࡚࠸ࡿࠋ






 
 
 
 
 
 
 
㸱㸬⅏ᐖ᫬ࡢᩘ್ࢩ࣑࣮ࣗࣞࢩࣙࣥ

 ᮏ◊✲࡛ࡣி㒔኱Ꮫ㎰Ꮫ◊✲⛉ࡢࢢ࣮ࣝࣉࡀ↓ൾබ㛤ࡋ࡚࠸ࡿᅵ▼ὶࢩ࣑࣮ࣗࣞࢱࠕKanako2Dࠖࢆ⏝࠸
࡚ィ⟬ࢆ⾜ࡗࡓࠋKanako2D࡛ࡣᅵ▼ὶࡢ୍ḟඖィ⟬࡜஧ḟඖィ⟬ࢆ⤖ྜࣔࢹࣝ2)࡟ࡼࡾ⤫ྜࡉࡏࡿࡇ࡜࡟ࡼ
ࡾࠊ㇂㒊࡛ࡢᅵ▼ὶࡢⓎ㐩࣭ὶୗ࠿ࡽ㇂ฟཱྀࡼࡾὶฟࡋࡓᅵ▼ὶࡢỏ℃㐣⛬ࡲ࡛ࢆ୍㈏ࡋ࡚ィ⟬ࡍࡿࡇ࡜ࡀ
࡛ࡁࡿࠋࡇࢀࡲ࡛ࡢ◊✲࡟ࡼࡾࠊᐇ㝿ࡢ⅏ᐖ஦౛࡜Kanako2D࡟ࡼࡿィ⟬⤖ᯝࡀẚ㍑ࡉࢀࠊ࡯ࡰጇᙜ࡞෌⌧
ィ⟬ࡀྍ⬟࡛࠶ࡿࡇ࡜ࡀ♧ࡉࢀ࡚࠸ࡿ1)ࠋᮏ◊✲࡛ࡶࡇࡢKanako2Dࢆ⏝࠸࡚ࠊ⚄♫⿬ὶᇦࡢୖὶ㒊࠿ࡽὶ㔞
ࢆ୚࠼࡚ࠊ⚄♫࡟ὶධࡋࡓᅵ◁࡜Ỉࡢỏ℃㐣⛬ࡢ෌⌧ィ⟬ࢆ⾜ࡗࡓࠋ 
 
 
 
 
ᅗ 4 ᚚᮏẊ⿬ࡢ⅏ᐖⓎ⏕┤ᚋࡢ≧ἣ ᅗ 5 ᚚᮏẊ⿬ࡢ⅏ᐖ᚟ᪧᚋࡢ≧ἣ 
ᅗ 6 ⯟✵ LPィ ࡟ࡼࡿ➼㧗⥺ᅗ ᅗ 7 Kanako2Dࡢィ⟬㡿ᇦ㸦20m㛫㝸➼㧗⥺㸧 
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ィ⟬ᆅᙧ 
 ィ⟬࡟⏝࠸ࡓᆅᙧࢹ࣮ࢱࡣ⅏ᐖⓎ⏕ᚋ࡟⯟✵࣮ࣞࢨ࣮ࣉࣟࣇ࢓࢖ࣛィ ࡟ࡼࡗ࡚ᚓࡽࢀࡓ1m࣓ࢵࢩࣗࡢ
ᆅᙧࢹ࣮ࢱ㸦௨ୗࠊ⯟✵LPィ ࠊLPࢹ࣮ࢱ࡜࿧ࡪ㸧࠿ࡽసᡂࡋࡓࠋ⯟✵LPィ ࡣᶞᮌୗࡢᶆ㧗ࢆ㧗ᐦᗘ࡛
ィ ࡛ࡁࡿࡓࡵࠊ୰ᒣ㛫ᆅ࡛ࡢ㧗⢭ᗘ࡞ᆅᙧࢹ࣮ࢱࡀᚓࡽࢀࡿࠋ 
 ᅗ6࡟⯟✵LPィ ࡟ࡼࡗ࡚ᚓࡽࢀࡓ1m࣓ࢵࢩࣗࡢLPࢹ࣮ࢱ࡟ࡼࡾసᡂࡉࢀࡓ⚄♫⿬ὶᇦࡢ➼㧗⥺ᅗࢆ♧ࡍࠋ
ᅗࡢᗙᶆࡢ༢఩ࡣ࣓࣮ࢺ࡛ࣝ࠶ࡾࠊᗙᶆ್ࡣᅜᅵ஺㏻┬ࡀᐃࡵࡿᖹ㠃┤ゅᗙᶆ⣔ࡢ6⣔ᗙᶆ࡛࠶ࡿࠋ➼㧗⥺
ࡢ㛫㝸ࡣ10m㛫㝸࡛࠶ࡾࠊ100mẖ࡟ኴ⥺࡛♧ࡋ࡚࠸ࡿࠋࡲࡓࠊᅗ࡟ࡣ⇃㔝㑣ᬛ኱♫ࡢሙᡤࡶ♧ࡋ࡚࠸ࡿࠋᅗ
࠿ࡽ⯟✵LPィ ࡟ࡼࡾᒣ㛫ᆅ࡛ࡢ㇂࡞࡝ࡢᆅᙧࡀ᫂░࡟ィ ࡉࢀ࡚࠸ࡿࡇ࡜ࡀࢃ࠿ࡿࠋᅗ7࡟ࡣKanako2D࡟
ࡼࡿ୍ḟඖࡢィ⟬㡿ᇦ࡜஧ḟඖࡢィ⟬㡿ᇦࢆ♧ࡋ࡚࠸ࡿࠋ୍ḟඖィ⟬㡿ᇦ࡜஧ḟඖィ⟬㡿ᇦࡢ᥋⥆㒊ࡣᡪ㡬
㒊௜㏆࡜ࡋ࡚࠸ࡿࠋ஧ḟඖィ⟬㡿ᇦ࡟ࡣ1m࣓ࢵࢩࣗࡢLPࢹ࣮ࢱ࠿ࡽࠊᅗ8࡟♧ࡍࡼ࠺࡞5m࣓ࢵࢩࣗࡢᆅᙧ
ࢹ࣮ࢱࢆసᡂࡋィ⟬ࡢึᮇᆅᙧ᮲௳࡜ࡋ࡚୚࠼ࡓࠋᅗ8ࡣᅗ7ࡢ஧ḟඖィ⟬㡿ᇦࢆᣑ኱ࡋࠊ➼㧗⥺㛫㝸5m࡛
෌⾲♧ࡋࡓࡶࡢ࡛࠶ࡿࠋ୍ḟඖィ⟬㡿ᇦ࡛ࡣLPࢹ࣮ࢱࡼࡾࠊ10m㛫㝸࡛⦪᩿⥺ୖࡢᶆ㧗ࢆ࡜ࡾࠊࡇࢀࢆึᮇ
Ἑᗋ࡜ࡋ࡚ィ⟬ࢆ⾜ࡗࡓࠋ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
ᅗ 8 ஧ḟඖィ⟬㡿ᇦ㸦5m㛫㝸➼㧗⥺㸧 ᅗ 9 ⦪᩿⥺ࡢ఩⨨ 
ᅗ 10 ὶᇦ㢌㡬㒊࠿ࡽࡢ⦪᩿⥺㸦⥳ࡀ LPࢹ࣮ࢱࠊ㟷ࡀ DEMࢹ࣮ࢱ㸧 
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 ᅗ9࡟ࡣࡑࡢ⦪᩿⥺ࡢᖹ㠃఩⨨࡜LPࢹ࣮ࢱ࡜ࠊᚋ㏙ࡍࡿDEMࢹ࣮ࢱࢆ㔜ࡡྜࢃࡏࡓࡶࡢࢆ20m㛫㝸ࡢ➼㧗
⥺࡛♧ࡋ࡚࠸ࡿࠋᅗ9࡟♧ࡋࡓ⦪᩿⥺ࡢ఩⨨ࡣᅗ7ࡢ୍ḟඖィ⟬⠊ᅖ࡜ྠࡌ఩⨨࡛࠶ࡾࠊ➼㧗⥺ࡣLPࢹ࣮ࢱ࡟
ࡼࡿࡶࡢࢆ⥳࡛ࠊDEMࢹ࣮ࢱ࡟ࡼࡿࡶࡢࢆ㟷࡛♧ࡋ࡚࠸ࡿࠋᅗ10ࡣᅗ9࡟♧ࡋࡓ㯮⥺㸦⦪᩿⥺㸧ୖࡢLPࢹ࣮
ࢱ࡜DEMࢹ࣮ࢱ࡟ࡼࡿᶆ㧗್ࢆẚ㍑ࡋࡓࡶࡢ࡛࠶ࡿࠋDEMࢹ࣮ࢱࡣᩘ್ᶆ㧗ࣔࢹ࡛ࣝ࠶ࡾࠊᆅⅬẖࡢᶆ㧗
ࢆ♧ࡋ࡚࠸ࡿࠋᮏ◊✲࡛⏝࠸ࡓDEMࢹ࣮ࢱࡣᅜᅵᆅ⌮㝔ࡢᇶ┙ᆅᅗ᝟ሗࡢ10m࣓ࢵࢩࣗDEMࢹ࣮ࢱ࡛࠶ࡿࠋ
ᇶ┙ᆅᅗ᝟ሗࡢDEMࢹ࣮ࢱࡣሙᡤ࡟ࡼࡗ࡚ 㔞ἲࡀ␗࡞ࡿࡀᮏ◊✲ࡀᑐ㇟࡜ࡋ࡚࠸ࡿᆅᇦ࡛ࡣ෗┿ 㔞࡟
ࡼࡗ࡚ 㔞ࡉࢀࡓᶆ㧗࠿ࡽసᡂࡉࢀࡓࡶࡢ࡛࠶ࡿࠋࡇࡢDEMࢹ࣮ࢱࡣ෗┿ 㔞ࡢࡓࡵᶞᮌࡢ㧗ࡉࢆ⪃៖ࡋ
࡚ࡣ࠸ࡿࡶࡢࡢࠊᶞᮌୗࡢᶆ㧗ࢆ┤᥋ィ ࡋ࡚࠸ࡿࢃࡅ࡛ࡣ࡞࠸ࡓࡵࠊ᭱኱࡛5m⛬ᗘࡢㄗᕪ3)ࡀ࠶ࡿࠋ⅏ᐖ
ᚋࡢLPࢹ࣮ࢱ࡜⅏ᐖ๓ࡢDEMࢹ࣮ࢱࢆẚ㍑ࡍࡿ࡜ࠊᅗ10࡟♧ࡍࡼ࠺࡟᭱኱࡛10m௨ୖࡢᕪࡀ࠶ࡿࠋ⅏ᐖᚋ࡜
⅏ᐖ๓ࡢࢹ࣮ࢱࡢẚ㍑ࢆࡋ࡚࠸ࡿࡓࡵࠊ⅏ᐖ᫬࡟10m๓ᚋ౵㣗ࡉࢀࡓ࡜ゎ㔘࡛ࡁࡿ࠿ࡶࡋࢀ࡞࠸ࡀࠊ⌧ᆅࡢ
౵㣗≧ἣ࠿ࡽ10m௨ୖࡶ౵㣗ࡉࢀࡓሙᡤࡣ࡞࠸ࡇ࡜࡜ࠊ෗┿ 㔞࡟ࡼࡿᶞᮌୗࡢᶆ㧗ࡢ ᐃࡣࠊ῱ὶࡢࡼ࠺
࡟ᆅᙧࡀᛴᓧ࡞ሙᡤ࡟࠾࠸࡚ࠊ⢭ᗘࡀࡉࡽ࡟ᝏࡃ࡞ࡿࡇ࡜ࡀ᝿ᐃࡉࢀࡿࡓࡵࠊࡇࡢDEMࢹ࣮ࢱࢆィ⟬࡟⏝
࠸࡞࠸ࡇ࡜࡟ࡋࡓࠋᮏ᮶࡞ࡽࡤ෌⌧ィ⟬ࡣ⅏ᐖ๓ࡢᆅᙧࢹ࣮ࢱࢆึᮇ᮲௳࡜ࡋࠊࡇࢀ࡟㝆㞵᮲௳ࢆ୚࠼࡚ᅵ
▼ὶࡢỏ℃ィ⟬ࢆ⾜࠸ࠊ⅏ᐖᚋࡢᆅᙧ࡜ࡢẚ㍑ࢆ⾜࠺ࡢࡀᮃࡲࡋ࠸ࡀࠊ⅏ᐖ๓ࡢLPࢹ࣮ࢱࡀ↓࠸ࡓࡵࠊ௒ᅇ
ࡣࡇࡢࡼ࠺࡞᪉ἲࢆ࡜ࡽ࡞࠿ࡗࡓࠋࡑࡢࡓࡵࠊᮏィ⟬࡛ࡣ⅏ᐖᚋ࡟ィ ࡉࢀࡓLPࢹ࣮ࢱ࠿ࡽึᮇἙᗋᙧ≧ࢆ
タᐃࡋࠊࡇࡢୖ࡟ึᮇሁ✚ᅵ◁ཌࢆ୍ᚊ࡟1m୚࠼࡚ィ⟬ࡋࡓࠋࡇࡢᅵ◁ཌࡢタᐃ࡟㝿ࡋ࡚ࡣࠊ⅏ᐖᚋࡢⴭ
⪅ࡽ࡟ࡼࡿㄪᰝ࡟࠾࠸࡚Ἑ㐨㒊ࡢ౵㣗῝ࡀᴫࡡ1m࡛࠶ࡗࡓࡇ࡜ࢆཧ⪃࡟ࡋࡓࠋ 
 
ὶධ᮲௳ 
 㑣ᬛ኱♫࡟タ⨨ࡉࢀ࡚࠸ࡓ㞵㔞ィࡢほ ⤖ᯝࢆࡶ࡜࡟ࠊḟࡢྜ⌮ᘧ4)ࢆ⏝࠸࡚ὶධ᮲௳ࢆỴᐃࡋࡓࠋ 
 rAfQ pp 6.3
1

 (1) 
 ࡇࡇ࡟ࠊQp㸸ࣆ࣮ࢡὶ㔞㸦m3/s㸧ࠊfp㸸ὶฟಀᩘࠊr㸸㝆㞵ᙉᗘ㸦mm/hr㸧ࠊ㸿㸸ὶᇦ㠃✚㸦=0.2km2㸧࡛࠶
ࡿࠋὶฟಀᩘࡣ0.74)࡜ࡋࠊ㝆㞵ᙉᗘࡣほ ࡉࢀࡓ᭱኱᫬㛫㞵㔞93mm/hr࡜ࡋ࡚࠸ࡿࠋࡇࡢᘧࡼࡾୗὶ࡛ࡢࣆ
࣮ࢡὶ㔞ࡣ3.61m3/s࡜⟬ฟࡉࢀࡓࠋࣆ࣮ࢡὶ㔞ࡀ⏕ࡌࡿ᫬㛫࡟ࡘ࠸࡚ࡣ௨ୗࡢ⮬↛ὶᇦ࡛ࡢὥỈ฿㐩᫬㛫ࡢ
ᘧ5)ࢆ⏝࠸࡚Ỵᐃࡋࡓࠋ 
 
 
7.03 /1067.1 SLtp

  (2) 
 ࡇࡇ࡟ࠊtp㸸ὥỈ฿㐩᫬㛫㸦h㸧ࠊL㸸ὶ㊰ᘏ㛗㸦m㸧ࠊS㸸ᖹᆒὶ㊰໙㓄࡛࠶ࡿࠋࡇࡢᘧࡼࡾࣆ࣮ࢡὶ㔞ࡀ
Ⓨ⏕ࡍࡿ᫬㛫ࡣ0.2h㸦720s㸧ࡀ⟬ฟࡉࢀࡓࠋ 
 ධຊࡍࡿᅵ◁㔞ࡣ※㢌㒊࠿ࡽィ⟬ࢆ⾜࠺ࡢ࡛↓࠸ࡶࡢ࡜ࡋࡓࠋ⌧ᆅㄪᰝ࡟ࡼࡿ࡜※㢌㒊ᔂቯ࡟ࡼࡗ࡚Ⓨ⏕
ࡋࡓᔂᅵࡣẚ㍑ⓗ኱ࡁ࡞ᒾሢࡀ࡯࡜ࢇ࡝࡛࠶ࡾᔂቯࡢ┤ୗ࡟኱㒊ศࡀ೵Ṇ࣭ሁ✚ࡋ࡚࠸ࡓࠋࡑࡇ࡛ࠊ※㢌㒊
࠿ࡽࡢᅵ◁ࡢὶධࡣ⪃࠼࡞࠸ࡶࡢ࡜ࡋࠊ⤥Ỉࡢࡳࢆ୚࠼ࡿィ⟬ࢆ⾜ࡗࡓࠋ 
 ௨ୖࡢ᮲௳࡟ࡼࡾࠊࣆ࣮ࢡὶ㔞ࡣ3.61m3/sࠊὥỈ฿㐩᫬㛫ࡣ720s࡜ࡋ౪⤥ὶ㔞ࢆ௨ୗࡢᅗ11ࡢࡼ࠺࡟タᐃ
ࡋࡓࠋ 
 
 
ᅗ 11 ධຊࡋࡓὶ㔞ࢢࣛࣇ 
 
ィ⟬᮲௳ 
 ᩘ್ィ⟬࡟⏝࠸ࡓྛࣃ࣓࣮ࣛࢱ್ࢆ⾲1࡟♧ࡍࠋ 
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⾲㸯 ィ⟬࡟⏝࠸ࡓࣃ࣓࣮ࣛࢱ 
ࣃ࣓࣮ࣛࢱ ᩘ್ 
ィ⟬᫬㛫(s) 1800 
ィ⟬ࡢ᫬㛫㛫㝸(s) 0.01 
ᅵ◁ࡢ⢏ᚄ(m) 0.45 
◁♟ࡢᐦᗘ(kg/m3) 2650 
ὶయ┦ᐦᗘ(kg/m3) 1000 
Ἑᗋࡢᐜ✚⃰ᗘ 0.65 
㔜ຊຍ㏿ᗘ(m/s2) 9.8 
౵㣗㏿ᗘಀᩘ 0.0007 
ሁ✚㏿ᗘಀᩘ 0.05 
࣐ࢽࣥࢢࡢ⢒ᗘಀᩘ 0.03 
1ḟඖࡢィ⟬Ⅼ㛫㝸(m) 10 
1ḟඖ㡿ᇦィ⟬Ⅼಶᩘ 65 
2ḟඖࡢxィ⟬Ⅼ㛫㝸(m) 5 
2ḟඖࡢyィ⟬Ⅼ㛫㝸(m) 5 
2ḟඖࡢx᪉ྥィ⟬Ⅼಶᩘ 60 
2ḟඖࡢy᪉ྥィ⟬Ⅼಶᩘ 60 
ィ⟬⤖ᯝ࡜⪃ᐹ 
 ୖ㏙ࡢィ⟬᮲௳ࡢࡶ࡜࡛ィ⟬ࢆ⾜࠸ࠊィ⟬⤊஢᫬㸦1800s㸧࡟࠾ࡅࡿ஧ḟඖ㡿ᇦ࡛ࡢィ⟬⤖ᯝ࡟ࡘ࠸࡚⪃
ᐹࢆ⾜ࡗࡓࠋᅗ12ࡣ஧ḟඖィ⟬㡿ᇦ࡟࠾ࡅࡿ900⛊ᚋ࡟࠾ࡅࡿሁ✚ཌ࡜ほ ⥺ࡢ఩⨨ࢆ♧ࡋ࡚࠸ࡿࠋࡓࡔࡋࠊ
⚄♫ࡢቃෆ࡟࠾࠸࡚ᮏィ⟬࡛ࡣᘓ≀ࡢᙳ㡪ࢆ⪃៖ࡋ࡚࡞࠸ࡓࡵࠊࡇࡢᅗ࡟࠾࠸࡚ࡣ῱ὶ㒊ࡢࡳࡢ⦪᩿⥺ࢆ♧
ࡍ࡟࡜࡝ࡵ࡚࠸ࡿࠋࡇࡢィ⟬⤖ᯝ࠿ࡽୖὶ࠿ࡽὶࢀ࡚ࡁࡓỈ࡜ᅵ◁ࡣᅗ3࡟♧ࡋࡓࡼ࠺࡟༡ࡢ㇂࡬ྥ࠿࠺ὶ
ࢀࡢ᪉ྥ࡛ࡣ࡞ࡃࠊ୺࡟⚄♫ࡢ࠶ࡿ᪉ྥ࡟ὶࢀ࡚࠸ࡁࠊ⚄♫௜㏆࡛Ỉ࡜ᅵ◁ࡀỏ℃ࡋࡓࡇ࡜ࡀࢃ࠿ࡿࠋᅗ13
࡟ࡣᅗ12ࡢ㉥⥺࡛♧ࡋࡓࣛ࢖ࣥ࡟ἢࡗࡓ⦪᩿ᙧ≧ࢆ♧ࡋ࡚࠸ࡿࡀࠊ๓㏙ࡢࡼ࠺࡟ᘓ≀ࡢᙳ㡪ࢆ⪃៖ࡋ࡚࠸࡞
࠸ࡇ࡜࡟ὀពࢆせࡍࡿࠋᅗ13࠿ࡽ⚄♫⿬ࡢᩳ㠃┤ୗ࡛᭱኱4mࡢᅵ◁ࡀሁ✚ࡋࡓࡇ࡜ࡀࢃ࠿ࡾࠊᅗ4ࠊᅗ5࡜
ẚ㍑ࡍࡿ࡜⅏ᐖ᫬ࡢ≧ἣࢆᴫࡡ෌⌧࡛ࡁ࡚࠸ࡿ࡜࠸࠼ࡿࠋࡲࡓࠊィ⟬⤖ᯝࡼࡾ⚄♫௜㏆40m40mࡢ⠊ᅖ࡟
ࡣᅵ◁㔞࡛⣙1800m3ሁ✚ࡋࡓࡇ࡜ࡀࢃ࠿ࡗࡓࠋࡇࡢィ⟬⤖ᯝ࠿ࡽࠊ௒ᚋࡶ኱つᶍ࡞㝆㞵ࡢ㝿࡟ࡣỈ࡜ᅵ◁ࡣ
⚄♫ࡢ᪉ྥ࡟ὶࢀࡿഴྥࢆᣢࡕࠊ෌ࡧྠᵝࡢ⿕ᐖࡀⓎ⏕ࡍࡿྍ⬟ᛶࡀ࠶ࡿࡢ࡛ࠊࡇࢀ࡟ᑐࡋఱࡽ࠿ࡢᑐ⟇ࢆ
ㅮࡌࡿᚲせࡀ࠶ࡿ࡜࠸࠺ࡇ࡜ࡀࢃ࠿ࡗࡓࠋ 
 
 
㸲㸬ᩘ್ࢩ࣑࣮ࣗࣞࢩࣙࣥࢆ⏝࠸ࡓᑐ⟇ἲࡢ᳨ウ
 
 ⇃㔝㑣ᬛ኱♫ࡢᅵ◁ỏ℃࡟ᑐࡍࡿᑐ⟇ἲ࡟ࡘ࠸᳨࡚ウࡍࡿࡓࡵࠊୖὶᇦ࡟୙㏱㐣ᆺ◁㜵ሖሐࡢࡳࢆタ⨨ࡋ
ࡓሙྜ࡜ࠊ୙㏱㐣ᆺ◁㜵ሖሐ࡜ᑟὶᕤࡢ୧᪉ࢆタ⨨ࡋࡓሙྜࡢィ⟬ࢆ⾜ࡗࡓࠋ୙㏱㐣ᆺ◁㜵ሖሐࡢࡳࢆタ⨨
ࡍࡿሙྜ࡟࠾࠸࡚ࡣࠊ㧗ࡉࡀ8mࡢሙྜ࡜16mࡢሙྜࡢ஧㏻ࡾࡢィ⟬ࢆ⾜ࡗࡓࠋ୙㏱㐣ᆺ◁㜵ሖሐࡣୖὶ࠿ࡽ
ὶฟࡋ࡚ࡃࡿᅵ◁ࢆሖሐ࡟ᤕᤊࡍࡿࡇ࡜࡛ࠊୗὶ࡬ࡢᅵ◁ὶฟࢆῶᑡࡉࡏࡿ┠ⓗ࡛ᒣᆅἙᕝ࡟タ⨨ࡉࢀࡿᵓ
㐀≀࡛࠶ࡿࠋ୙㏱㐣ᆺሖሐ࡟ࡘ࠸࡚ࡣࠊ㢌㡬㒊࠿ࡽୗὶ600mࡢ఩⨨࡟ࠊ1ᇶタ⨨ࡋࡓࠋᑟὶᕤࡣ῱ὶ࠿ࡽỈ
ࡸᅵ◁ࡀ࠶ࡩࢀࡔࡉ࡞࠸ࡼ࠺ὶྥࢆไᚚࡋ࡚ୗὶ࡟ὶୗࡉࡏࡿᵓ㐀≀࡛࠶ࡿࠋᑟὶᕤ࡟ࡘ࠸࡚ࡣ஧ḟඖィ⟬
㡿ᇦ࡟࠾࠸࡚ᅵ▼ὶὶୗ᫬࡟࡛ὶࢀࡢྥࡁࡀᛴኚࡋࡓሙᡤ࡟⅏ᐖ๓ࡢὶࢀࡢ᪉ྥ࡟㓄⨨ࡋࡓࠋ᳨ウࡋࡓࢣ࣮
ࢫ࡟ࡘ࠸࡚ࡲ࡜ࡵࡿ࡜௨ୗࡢ⾲2ࡢࡼ࠺࡟࡞ࡿࠋึᮇἙᗋᙧ≧࠾ࡼࡧὶධὶ㔞➼ࡢ᮲௳ࡣ๓❶ࡢ෌⌧ィ⟬࡜
ほ ⥺ 
ᅗ 12 900⛊ᚋࡢሁ✚ཌ࡜ほ ⥺ࡢ఩⨨ ᅗ 13 ほ ⥺ୖࡢሁ✚ཌ㸦1800⛊ᚋ㸧 
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7 
ᇶᮏⓗ࡟ࡣྠࡌ᮲௳ࡢୗ࡛ࠊᵓ㐀≀ࡀタ⨨ࡉࢀ࡚࠸ࡓሙྜ࡟ࡘ࠸࡚ィ⟬ࢆ⾜࠸ࠊࡑࡢຠᯝࢆ᳨ウࡋࡓࠋ 
 
⾲ 2 ᳨ウࡋࡓࢣ࣮ࢫ 
Case ᮲௳ 
Case1 8m୙㏱㐣ᆺ◁㜵ሖሐ 
Case2 16m୙㏱㐣ᆺ◁㜵ሖሐ 
Case3 8m୙㏱㐣ᆺ◁㜵ሖሐ㸩ᑟὶᕤ 
 
୙㏱㐣ᆺ◁㜵ሖሐࡢࡳタ⨨ࡋࡓሙྜ㸦&DVH&DVH㸧 
 ᅗ15࡟ࡣCase1ࠊ2ࠊ3ࡢィ⟬⤊஢᫬࡟࠾ࡅࡿሁ✚ཌࡢ⦪᩿ศᕸࢆ♧ࡋ࡚࠸ࡿࠋ࡞࠾ࠊࡇࡢ⦪᩿ᅗࡣᅗ12ࡢ
ほ ⥺࡟ἢࡗࡓሁ◁ᙧ≧࡛࠶ࡿࠋ㟷ࡢⅬ⥺ࡣᅗ13࡟♧ࡋࡓ⥺㸦ᵓ㐀≀ࡀ࡞࠸≧ែ㸧࡛࠶ࡾࠊ㉥⥺ࡣCase1ࠊ
⥳⥺ࡣCase2ࠊỈⰍ⥺ࡣCase3ࡢሁ✚ཌࢆࡑࢀࡒࢀ♧ࡋ࡚࠸ࡿࠋᅗ14࡟ࡣࡑࡢ୙㏱㐣ᆺ◁㜵ሖሐࡢ఩⨨ࢆ♧ࡋ
࡚࠸ࡿࠋィ⟬⤖ᯝࡼࡾ8mࡢሖሐࡀ࠶ࡿሙྜ࡜࡞࠸ሙྜ࡜࡛ሁ✚ཌࡀ࡯࡜ࢇ࡝ኚࢃࡽࡎࠊ⚄♫ࡢ࿘ࡾ࡟ሁ✚
ࡍࡿᅵ◁㔞ࢆῶᑡࡉࡏࡿຠᯝࡀ࠶ࡲࡾ࡞࠸ࡇ࡜ࡀࢃ࠿ࡗࡓࠋ୍᪉ࠊ16mࡢሖሐࡣ᭱኱ࡢሁ✚ཌࡀ2.7m࡜࡞ࡾࠊ
ሖሐࡀ࡞࠸ሙྜ࡜ẚ࡭࡚1.3mሁ✚ཌࡀῶᑡࡋࠊ⚄♫ࡲ࡛฿㐩ࡍࡿᅵ◁㔞ࢆῶᑡࡉࡏࡿຠᯝࡀ࠶ࡿࡇ࡜ࡀศ࠿
ࡗࡓࠋ⚄♫௜㏆40m40mࡢ⠊ᅖ࡟ሁ✚ࡋࡓᅵ◁㔞ࡣ8mࡢሖሐࡢሙྜ࡛1650m3ࠊ16mࡢሖሐࡢሙྜ࡛1080m3
࡜࡞ࡾࠊሖሐࡀ࡞࠸᫬࡜ẚ࡭࡚ࠊ⚄♫௜㏆࡟ሁ✚ࡍࡿᅵ◁㔞ࢆ8mࡢሖሐࡢሙྜ࡛8㸣ࠊ16mࡢሖሐࡢሙྜ࡛
40㸣ῶᑡࡉࡏࡿຠᯝࡀ࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓࠋ◁㜵ሖሐࡣ㧗ࡉࡀ㧗ࡃ࡞ࡿ࡯࡝ୗὶ࡟ὶฟࡍࡿᅵ◁ࢆῶᑡࡉࡏ
ࡿຠᯝࡀ㧗࠸ࡀࠊ㧗ࡉࡢ኱ࡁ࠸ሖሐࢆタ⨨ࡍࡿࡢࡣᬒほ࡟ᑐࡍࡿᙳ㡪ࡀᠱᛕࡉࢀࡿࡢ࡛ࠊࡑࡢ᭱㐺࡞㧗ࡉࡣ
௒ᚋࡉࡽ࡟᳨ウࡍࡿᚲせࡀ࠶ࡿ࡜⪃࠼ࡿࠋ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
P୙㏱㐣ᆺ◁㜵ሖሐ࡜ᑟὶᕤࢆタ⨨ࡋࡓሙྜ㸦&DVH㸧 
 ᅗ16࡟ࡣᑟὶᕤࢆ㓄⨨ࡋࡓ఩⨨ࢆ♧ࡍࠋᅗ࡟♧ࡋࡓ఩⨨࡛6mἙᗋࢆ࠿ࡉୖࡆࡋࠊࡑࢀࢆᑟὶᕤ࡜ࡋ࡚ィ
⟬ࢆ࠾ࡇ࡞ࡗࡓࠋᅗ17ࡣィ⟬㛤ጞ࠿ࡽ1800⛊ᚋࡢỈ῝ࢆ⾲♧ࡋࡓࡶࡢ࡛࠶ࡿࠋᑟὶᕤ࡟ࡼࡾὶࢀࡢ኱㒊ศࡀ
⇃㔝㑣ᬛ኱♫ࡢ᪉ྥ࡛ࡣ࡞ࡃࠊ⅏ᐖ๓ࡢὶࢀࡢ᪉ྥ㸦༡ࡢ㇂࡬ྥ࠿࠺᪉ྥ㸧࡟ὶࢀ࡚࠸ࡿࡇ࡜ࡀࢃ࠿ࡿࠋᐇ
㝿࡟ࡣὶࢀࡀ⚄♫ࡢ᪉ྥ࡟ྥ࠿ࡗ࡚࠸ࡓࡓࡵ⿕ᐖࢆ⏕ࡌࡓࡀࠊࡑࡢ᪉ྥࢆᑟὶᕤ࡟ࡼࡗ࡚ไᚚࡍࡿࡇ࡜࡟ࡼ
ࡾࠊୖὶ࠿ࡽ᮶ࡓỈ࡜ᅵ◁ࢆ༡ࡢ㇂࡬࡜ὶࡍࡇ࡜࡟ࡼࡾࠊ⿕ᐖࢆ㍍ῶ࡛ࡁࡿྍ⬟ᛶࡀ࠶ࡿࡇ࡜ࡀࢃ࠿ࡗࡓࠋ
ࡑࡢࡓࡵࠊᅗ15࡟♧ࡍࡼ࠺࡟ᅵ◁ࡶ⚄♫௜㏆ࡲ࡛ὶࢀࡿࡇ࡜ࡣ↓ࡃࠊ◁㜵ሖሐ࡜ᑟὶᕤࡢ୧᪉ࢆタ⨨ࡍࡿࡇ
࡜࡟ࡼࡾࠊᔂቯᅵ◁㔞ࢆ9m3ࡲ࡛ῶࡽࡏࡿࡇ࡜ࡀࢃ࠿ࡗࡓࠋࡇࡢ⤖ᯝ࡟ࡼࡾࠊ◁㜵ࢲ࣒ࡸᑟὶᕤࢆタ⨨ࡍࡿ
ࡇ࡜ࡣ⿕ᐖ㍍ῶ࡟᭷ຠ࡛࠶ࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋࡋ࠿ࡋࠊ௒ᅇࡢ⅏ᐖࢆ㉸࠼ࡿࡼ࠺࡞㇦㞵ࡀ㝆ࡗࡓሙྜࡸᑟὶ
ᕤࢆ㉸࠼ࡿࡼ࠺࡞ᅵ▼ὶࡀⓎ⏕ࡋࡓሙྜࡣ⚄♫௜㏆࡟ᅵ◁ࡸỈࡀὶࢀ࡚ࡃࡿ༴㝤ᛶࡀ࠶ࡿࠋ 
◁㜵ሖሐࡢ఩⨨ 
ᅗ 14 ◁㜵ሖሐࡢ఩⨨ ᅗ 15 ほ ⥺ୖࡢሁ✚ཌ㸦1800⛊ᚋ㸧 
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
㸳㸬࠾ࢃࡾ࡟
 
 ⇃㔝㑣ᬛ኱♫࡟ὶධࡋࡓᅵ▼ὶࡢỏ℃࡟ᑐࡋ࡚ࠊKanako2Dࢆ⏝࠸ࡓᩘ್ࢩ࣑࣮ࣗࣞࢩࣙࣥ࡟ࡼࡾ෌⌧ィ
⟬ࢆ⾜ࡗࡓࠋࡲࡓࠊ◁㜵ࢲ࣒ࡢᘓタ࡟ࡼࡾࡑࡢỏ℃ࡢつᶍࡸᅵ◁ὶධ㔞ࡢ㍍ῶ࡟㛵ࡋ࡚ࠊ࡝ࡢ⛬ᗘຠᯝࡀ࠶
ࡿࡢ࠿ᩘ್ࢩ࣑࣮ࣗࣞࢩࣙࣥࣔࢹࣝࢆ⏝࠸᳨࡚ドࡋࡓࠋࡑࡢ⤖ᯝࢆ௨ୗ࡟ࡲ࡜ࡵࡿࠋ 
 ෌⌧ィ⟬ࡢ⤖ᯝ࡜⇃㔝㑣ᬛ኱♫ࡢ⿕ᐖ≧ἣ࡜ࢆẚ㍑ࡍࡿ࡜୧⪅ࡢ┦㐪ࡣ኱ࡁࡃ࡞ࡃࠊ෌⌧ィ⟬ࡀᴫࡡጇᙜ
࡞⤖ᯝ࡛࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓࠋࡲࡓࠊ⅏ᐖᚋࡢLPࢹ࣮ࢱࢆᆅᙧ᮲௳࡜ࡋ࡚ᩘ್ࢩ࣑࣮ࣗࣞࢩࣙࣥࢆ⾜ࡗࡓ࡜
ࡇࢁࠊ⅏ᐖ๓ࡢὶฟ⤒㊰࡜ࡣኚࢃࡾࠊ௒ᚋࡶ⚄♫ࡢ᪉ྥ࡟Ỉ࡜ᅵ◁ࡀὶࢀࡿഴྥࢆ♧ࡋࡓࡓࡵࠊྠᵝࡢ⿕ᐖ
ࢆ㜵ࡄࡓࡵࡢᑐ⟇ࢆㅮࡌࡿᚲせࡀ࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓࠋ 
 ◁㜵ሖሐࡢ⿕ᐖ㍍ῶຠᯝ࡟ࡘ࠸᳨࡚ドࡋࡓ࡜ࡇࢁࠊ8mࡢ◁㜵ሖሐࡣ࠶ࡲࡾຠᯝࡀ࡞ࡃࠊ16mࡢ◁㜵ሖሐࡣ
ὶฟᅵ◁㔞ࢆ40㸣㍍ῶ࡛ࡁࡿ࡜࠸࠺⤖ᯝ࡟࡞ࡾࠊ࠶ࡿ⛬ᗘࡢつᶍࡢ◁㜵ሖሐࡀ⿕ᐖࢆ㍍ῶࡍࡿୖ࡛᭷ຠ࡛࠶
ࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋᬒほ࡟㓄៖ࡋࡓୖ࡛◁㜵ሖሐࡀຠᯝࢆⓎ᥹ࡍࡿࡼ࠺࡞᭱㐺࡞㧗ࡉࡣ௒ᚋ࡜ࡶ᳨ウࡋ࡚࠸
ࡃᚲせࡀ࠶ࡿ࡜⪃࠼ࡿࠋ 
 ◁㜵ሖሐ࡜ᑟὶᕤ࡜⤌ࡳྜࢃࡏ࡚⏝࠸ࡓሙྜ࡟ࡼࡿ⿕ᐖ㍍ῶຠᯝ࡟ࡘ࠸᳨࡚ドࡋࡓ࡜ࡇࢁࠊ௒ᅇࡢࡼ࠺࡞
㇦㞵࡟ࡼࡿ⿕ᐖࢆ㜵Ṇ࣭㍍ῶࡍࡿୖ࡛᭷ຠ࡛࠶ࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋࡋ࠿ࡋࠊୖὶ࠿ࡽ኱つᶍ࡞ᅵ▼ὶࡀⓎ⏕
ࡋࡓሙྜࠊᑟὶᕤࢆ㉸࠼࡚⚄♫ࡢ᪉࡟ὶࢀࡿྍ⬟ᛶࡀ࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋ 
 
ㅰ㎡㸸ᮏ◊✲ࡣࠊᆅ┙ᕤᏛ఍㛵すᨭ㒊ࠕࠗ᝿ᐃእ࠘㇦㞵࡟ࡼࡿᆅ┙⅏ᐖ࡬ࡢᑐᛂࢆ⪃࠼ࡿㄪᰝ◊✲ጤဨ఍ࠖ
ࡢάືࡢ୍⎔࡟ࡼࡿࡶࡢ࡛࠶ࡾࠊㄪᰝࡢ୍㒊ࡣ࿴ḷᒣ኱Ꮫᖹᡂᖺᗘ⊂๰ⓗ◊✲ᨭ᥼ࣉࣟࢪ࢙ࢡࢺ࠾ࡼࡧ㈈
ᅋἲேࣞࣥࢺ࣮࢜ࣝዡᏛ㈈ᅋࡢᨭ᥼ࢆཷࡅ࡚⾜ࢃࢀࡓࠋࡲࡓࠊ⇃㔝㑣ᬛ኱♫࡜ᅜᅵ஺㏻┬㏆␥ᆅ᪉ᩚഛᒁࡼ
ࡾ᝟ሗ࠾ࡼࡧࢹ࣮ࢱࢆᥦ౪㡬࠸ࡓࠋࡇࡇ࡟௜グࡋ࡚ࠊ῝ࡃឤㅰ⏦ࡋୖࡆࡲࡍࠋ
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